This study focused on tracking the sustainability of improvements in inpatient outcomes in the hospitals of Syracuse, New York. It involved evaluation of inpatient complications during a sixyear period for two of the Syracuse hospitals and inpatient readmissions during a three-year period for three hospitals. The study employed the Potentially Preventable Complications and Potentially Preventable Readmissions software developed by 3M™ Health Information Systems. The study demonstrated that two of the Syracuse hospitals produced reductions in aggregate complication rates between 2009 and 2012. This was followed by an increase in complications during 2013 and 2014. The decline in complications and the increase that followed were supported by developments in high volume complications and some lower volume complications. Hospital readmissions for adult medicine, the largest inpatient service, both increased and declined at the aggregate level and for individual hospitals during the three-year period. Hospital readmission rates for adult surgery declined, however, individual hospital rates increased and declined. The study identified sustained reductions in readmission rates for the combined hospitals for congestive heart failure and COPD during the three-year period. The study identified the challenges related to sustaining reductions in hospital outcomes over time. In the Syracuse hospitals, these challenges involved inpatient clinical management for complications and system-wide issues for readmissions.
Introduction
In the United States and western Europe, increased interest is focusing on health care cost containment. As large proportions of national expenditures are consumed by health care costs, greater attention is being devoted to im-proving the efficiency of care [1] - [3] .
This attention has also generated extensive interest in the connection between health care efficiency and improved outcomes. This has been based on recognition that positive outcomes can reduce costs by reducing the amount of care that needs to be provided. It has also generated support for moving the basis of health care and hospital reimbursement from volume to value. This has been reflected in initiatives by Medicare and other payors to penalize hospitals for adverse outcomes such as excess readmissions [4] - [6] .
The increasing importance of health care and hospital outcomes is related to the need to sustain outcomes over time. Without efforts that sustain improvements in complications, readmissions, and other outcomes, they become one-time benefits for consumers and providers of care.
Recent efforts to improve health care outcomes have focused on two important indicators: hospital inpatient complications and readmissions. Both of these outcomes have been associated with large volumes of adverse outcomes and related costs [7] - [9] .
Both complications and readmissions are being addressed by relatively new computer software, such as Potentially Preventable Complications and Potentially Preventable Readmissions that provide extensive information from administrative data. The information developed by this software can support efforts to reduce complications and readmissions. Because the software uses administrative data, it can be used to employ large numbers of patients using standardized definitions over time. These advantages are especially useful in monitoring sustainability of outcomes. These tools can monitor large amounts of data from multiple hospitals over extended time periods [10] - [12] .
Population and Methods
This study focused on tracking the sustainability of improvements in hospital outcomes in the hospitals of Syracuse, New York. These acute care facilities include Crouse Hospital (19,738 discharges excluding well newborns, 2013), St. Joseph's Hospital Health Center (25,771 discharges, 2013), and Upstate University Hospital (27,285 discharges, 2013). These hospitals provide acute care to a local service area of approximately 600,000 and serve as the referral center for the Central New York Health Service area, with a population of approximately 1,400,000. Historically, the hospitals have worked cooperatively to improve utilization and outcomes through the Hospital Executive Council [13] .
The study identified changes in inpatient complications during a six-year period for two of the Syracuse hospitals and inpatient readmissions over a three-year period for the three hospitals. The analyses for the study were developed by the Hospital Executive Council. The study also evaluated the use of the Potentially Preventable Complications and Potentially Preventable Readmission software to track changes in these outcomes over multiple year periods.
The study design and procedures were developed by the Hospital Executive Council and the administrative staffs of Crouse Hospital, St. Joseph's Hospital Health Center, and Upstate University Hospital in Syracuse, New York. Multihospital utilization and outcomes studies are developed and implemented by these entities.
The study was related to demonstration programs using the Potentially Preventable Complications and Potentially Preventable Readmissions software. These programs employed the software to improve outcomes through cooperation of the Syracuse hospitals, 3M™ Health Information Systems, and the Hospital Executive Council [14] [15] .
The initial component of the study involved post admission complications in Syracuse. It employed the Potentially Preventable Complications (PPC) software. The PPC system provides standardized information on a full range of diagnoses that can occur after inpatient admission. It includes a list of 64 categories that has been condensed to a summary list of 35 PPCs. The software excludes a number of diagnoses as non preventable including complications directly related to malignant diseases, multiple trauma, organ transplants, burns, and HIV related disorders [10] [16] [17] .
The PPC software identifies complications that occur after inpatient admission in administrative data. It applies the Present on Admission indicator to each secondary diagnosis. Each of these diagnoses is identified as present on admission, not present on admission, or undetermined. It can generate numbers of complications and rates for individual diagnoses and for all PPCs combined [10] .
In the analysis of data for the Syracuse hospitals, the PPC software was employed to identify numbers and rates of post admission complications for St. Joseph's Hospital Health Center and Crouse Hospital between 2009 and 2014. The data were identified for January-December for 2009-2013 and for January-March for 2014. These data were based on all payors for inpatient discharges.
Within these parameters, the PPC software was used by the Hospital Executive Council staff to identify numbers and rates of complications for all PPCs combined. The software also identified numbers and rates of complications for high volume diagnoses including pneumonia and urinary tract infection. The software also identified these indicators for low volume diagnoses including clostridium difficile colitis, pulmonary embolism, and septicemia.
These data were used to evaluate the sustainability of improvements in outcomes for these complications. Rates for Potentially Presentable Complications were compared across the period between January 2009 and March 2014 for each hospital. Initial comparisons focused on the aggregate rates for the individual PPCs combined. Subsequent analyses focused on rates for individual high and low volume complications. These comparisons were employed to develop conclusions concerning the sustainability of these outcomes.
The second component of the study involved hospital inpatient readmissions at Crouse Hospital, St. Joseph's Hospital Health Center, and Upstate University Hospital in Syracuse. It included readmissions for adult medicine and adult surgery, the two largest inpatient services in the hospitals.
The study employed the Potentially Preventable Readmissions (PPR) software developed by 3M™ Health Information Systems. The PPR system provides standardized information concerning patients who return to acute hospitals that are identified as preventable according to a clinical algorithm. Readmissions identified as preventable are those with principal diagnoses that are clinically related to the principal or secondary diagnoses of the initial admission. Readmissions with principal diagnoses not related to those of the initial admission are assumed to be non preventable. In addition, readmissions for a number of specific services, including oncology, neonates, trauma, and HIV related disorders are assumed to be non preventable [12] [18].
The Potentially Preventable Readmissions software includes readmission chains. A chain is defined as an initial admission followed by at least one readmission for inpatient care within a specific time period, usually 30 days. Total readmissions can be aggregated by hospital service, by diagnosis, by discharge status, or other categories.
For purposes of this analysis, readmissions were defined as individual returns for inpatient care in each of the three Syracuse hospitals that occurred within 30 days of the previous admission. Consistent with the PPR software, only preventable readmissions were included. They accounted for more than 90 percent of all readmissions in the Syracuse hospitals.
In order to evaluate the sustainability of improvements in hospital readmissions, the study included these outcomes in Syracuse during a three year period, from April 2011-March 2012 to April 2013 to March 2014. This time interval provided the most current information concerning hospital readmissions using administrative, computer abstracted data. These data were based on inpatient discharges for all payors.
Within this time interval, numbers of Potentially Preventable Readmissions and Readmission rates were identified by the Hospital Executive Council staff for each Syracuse hospital and the combined hospitals by service and diagnosis. This analysis included the two largest services, adult medicine and adult surgery, and two major chronic diagnoses that have been identified as major sources of readmissions, heart failure and chronic obstructive pulmonary diagnoses. These classifications were identified using All Patients Refined Diagnosis Related Groups.
These data were used to evaluate the sustainability of hospital outcomes for readmissions over time for each hospital and the three hospitals combined. Conclusions were based on the consistency of improvements in outcomes over time.
Results
Results that are related to the initial component of the study, which concerns the sustainability of hospital inpatient complications, are summarized in Table 1 . This information includes data for Crouse Hospital and St. Joseph's Hospital Health Center.
These data demonstrated that each of the hospitals produced substantial reductions in aggregate complication rates, discharges with one or more Potentially Preventable Complications, between 2009 and 2012. The total rate for Crouse Hospital declined by 34.0 percent and the total rate for St. Joseph's Hospital Health Center declined by 41.6 percent, during this interval. These rates reflected smaller percentage changes in numbers of complications as discharge volumes increased. The data also demonstrated that neither hospital was able to sustain these outcomes beyond the four-year pe- Further analysis of the hospital data for high and low volume Potentially Preventable Complications suggested some of the drivers of the changes in the aggregate data. At Crouse Hospital, the reduction in the aggregate complication rate that occurred between 2009 and 2012 was accompanied by reductions in the rates for high volume diagnoses such as urinary tract infection (12.7 percent) and pneumonia (42.5 percent). At St. Joseph's Hospital Health Center, the reduction in the aggregate PPC rate during this interval was associated with declines in the rates for high volume diagnoses such as pneumonia (38.1 percent) and urinary tract infection (41.4 percent).
The data also demonstrated that the increases in the aggregate PPC rates that occurred between 2012 and 2014 were accompanied by increases in the rates for these high volume complications, especially pneumonia. During this interval, at Crouse Hospital the rate for pneumonia increased by 23.3 percent while the rate for urinary tract infection increased by 1.0 percent. At St. Joseph's Hospital Health Center, the rate for pneumonia increased by 37.3 percent, while the rate for urinary tract infection increased by 37.4 percent.
The study data also identified changes in PPC rates for lower volume complications that paralleled most changes in the aggregate rates. At Crouse Hospital, the complication rates declined for clostridium difficile colitis (4.8 percent) and septicemia (42.2 percent) between 2009 and 2012. At St. Joseph's Hospital Health Center, the PPC rates for pulmonary embolism (6.0 percent) and septicemia (74.3 percent) declined during this interval. At Crouse Hospital, the complication rates increased for pulmonary embolism (75.7 percent) and septicemia (53.6 percent) between 2012 and 2014. At St. Joseph's Hospital Health Center, the rates for clostridium difficile colitis (43.7 percent) and septicemia (105.1 percent) increased during this interval.
These data demonstrated that Crouse Hospital and St. Joseph's Hospital Health Center were able to generate substantial reductions in Potentially Preventable Complication rates between 2009 and 2012, but were unable to sustain these reductions during the next two years. At both hospitals, high volume complications, especially pneumonia, and some lower volume complications were drivers of the initial reductions in rates and the increases that followed.
Results of the study that are related to the second component of the study, which concerns the sustainability of Potentially Preventable Readmissions to hospitals within 30 days, are summarized in Table 2 and Table 3 . This information includes data for Crouse Hospital, St. Joseph's Hospital Health Center, and University Hospital.
The data in Table 2 identified numbers and rates of Potentially Preventable Readmissions for the major hospital services during the most recent three-year period available. Data for the combined hospitals indicated that, during this period, more than 90 percent of medical-surgical admissions involved adult medicine patients. In the most recent year (April 2013-March 2014), 11 percent of adult medicine patients in the combined hospitals were readmitted. As a result, one of every nine adult medicine inpatients was a readmission.
With respect to sustainability, the combined hospital adult medicine readmission rate, which accounted for most rehospitalizations, decreased by 3.4 percent for 2011-2012 and 2012-2013, then increased by 2.9 percent between 2012-2013 and 2013-2014. Among the individual hospitals, reductions in readmissions rates were generally not sustained for these services. The rates for adult medicine, which generated the largest volumes, declined then increased at Crouse Hospital and Upstate University Hospital during the three-year period. The rate for St. Joseph's Hospital Health Center declined, however that hospital had the highest rate in Syracuse throughout the period.
For adult surgery, the combined readmission rate for the three hospitals decreased by 5.1 percent during the three-year period. For the individual hospitals, the adult surgery readmission rates declined, then increased at Crouse Hospital and St. Joseph's Hospital Health Center, while they increased then declined at Upstate University Hospital.
The data in Table 3 concerned Potentially Preventable Readmissions for two major adult medicine diagnoses in the Syracuse hospitals. The rate for congestive heart failure for the combined hospitals between April 2013 and March 2014, 21.17 percent, suggested that one in five hospital inpatients with this diagnosis was a readmission. The rate for chronic obstructive pulmonary disease during the same period, 13.81 percent, suggested that one in seven inpatients with this diagnosis was a readmission.
At the aggregate level, the rate for congestive heart failure declined from year to year during the period, producing a total reduction of 14.6 percent. This reduction was generated by a 21.5 percent decline in the rate for Crouse Hospital, a 15.1 percent reduction for St. Joseph's Hospital Health Center, and a 3.8 percent decline for Upstate University Hospital. The reduction at Crouse Hospital involved year to year declines throughout the period.
The aggregate data for Chronic Obstructive Pulmonary Disease also identified year to year declines during the three year period. This resulted in a reduction in the readmission rate for the combined hospitals of 22.0 percent. The decline in the total readmission rate for this diagnosis was driven by a 30.7 percent reduction at St. Joseph's Hospital Health Center and a 17.4 percent reduction at Crouse Hospital. The decline at St. Joseph's Hospital Health Center involved year to year reductions during the three year period.
Discussion
Increased attention is focusing on improving health care outcomes in order to support patient care and to reduce expenditures. This subject is related to the need for sustainability of these improvements so that their benefits for patients and communities will continue over time. Without sustainability, the improvements in care and financial savings related to outcomes become one time benefits.
This study involved the use of relatively new computer software and administrative rates to track changes in hospital inpatient complications and readmissions during a multiyear interval. The Potentially Preventable Complications software is based on the Present on Admission indicator. The Potentially Preventable Readmission software is based on standard clinical and utilization indicators. Both of these algorithms were developed for use with administrative data. Through this capability, they can analyze large numbers of hospital inpatient records over extended time periods. In this role, they are extremely useful in tracking the sustainability of hospital readmissions and complications.
With respect to inpatient complications, this study demonstrated that two of the Syracuse hospitals produced reductions in aggregate complication rates during a four-year period between 2009 and 2012. The data suggested that this interval was the extent of sustainability for this outcome, because complications increased during 2013 and 2014. Both the decline in complications and the increase that followed appeared to be supported by developments in high volume complications such as pneumonia and urinary tract infection, as well as some lower volume complications.
With respect to inpatient readmissions, the study identified at least two developments. For the hospital service with the largest number of readmissions, adult medicine, the combined readmission rate and the individual hospital rates both increased and declined during the three-year period between April 2012-March 2013 and April 2013-March 2014. The combined readmission rates for adult surgery declined from year to year during this period, however, the rates for each of the hospitals both increased and declined.
The study identified sustained reductions in readmission rates for the combined hospitals during the threeyear period for congestive heart failure and chronic obstructive pulmonary disease. These reductions were reflected in the experiences of some of the hospitals for each diagnosis.
These data identified some of the challenges associated with sustaining improvements in hospital outcomes at the community level in Syracuse, New York and, possibly in other metropolitan areas. The reasons for these challenges could be suggested from the data and from anecdotal evidence from the hospitals.
The study data suggested that these outcomes affected relatively small minorities of hospital inpatient populations. This was especially true for total complications, where total rates ranged between 2 and 4 percent and readmissions by service, where rates ranged between 10 and 12 percent for adult medicine and between 1 and 2 percent for adult surgery. Higher rates were identified for individual diagnoses, especially for readmissions involving chronic diseases.
An important challenge to the sustainability of these hospital inpatient complications involved maintaining clinical practices that supported effective care within hospital environments. For example, the extent of compliance for nursing initiatives to avoid the pneumonia complication such as early ambulation of patients increased between 2009 and 2012, then, progressively declined in one of the Syracuse hospitals. Difficulties in sustaining physician and nursing compliance with interventions to avoid complications proved to be a problem in both hospitals. Much of this problem apparently resulted from the inability of hospital managements and staffs to maintain a focus of care on specific interventions and practices. Distractions within hospital environments, such as the implementation of new programs, provided too much competition for these efforts over time.
With respect to improvements in hospital readmissions, major challenges to sustainability in Syracuse involved systems issues. Primary care practices were frequently unable to accommodate patients with chronic diseases who experienced acute episodes. They frequently referred these patients to hospital emergency departments. Hospital clinics were only available during daytime hours, a problem frequently encountered in small metropolitan areas. Hospital emergency departments were frequently crowded and did not have the time available to develop alternative plans to inpatient admission of potential readmissions. In these crowded situations, the most feasible alternative for emergency department physicians was frequently inpatient admission.
These challenges suggest that, unless the experiences of Syracuse are unique, sustaining improvements in outcomes will be a difficult task for many hospitals in the United States and elsewhere. The transition from volume to value that has currently been called for at many levels of health care will require much more effort in the clinical trenches than that has been currently forthcoming. This process will need a management focus on improving complications and readmissions that is more consistent over time than what currently exists. Resources such as the Potentially Preventable Complications and Potentially Preventable Readmissions software can provide valuable support for this process. At the same time, these resources cannot sustain improvements in care by themselves. In addition to generating positive outcomes initially, this process requires actually using the data generated by the software in the nursing units and the emergency departments to sustain these outcomes over extended periods of time.
Limitations
The methods and results of this study were limited to data concerning inpatient complications for 2009-2014 and inpatient readmissions for 2011-2014 in the hospitals of Syracuse, New York. They were also limited to the use of the Potentially Preventable Complications and Potentially Preventable Readmissions software in the analysis of these data.
Recommendations
Based on the data contained in this study, it was recommended that hospitals evaluate and monitor changes in inpatient complications and readmissions using analytical tools that were specifically developed for this purpose. It is recommended that increases or reductions in outcomes identified by these tools be employed in the clinical management of care within hospitals.
